In this paper, we report on the identification and species characterization of a novel Gram-staining-negative bacterium, strain S61 T , isolated from the deep-sea sediment of the Okinawa Trough. Growth of strain S61 T occurred at 4-37 C (optimum, 25 C), pH 6.0-10.0 (optimum, pH 7.0) and with 0-8 % (w/v) NaCl (optimum, 2 %). Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain S61
The genus Algoriphagus, a member of the family Cyclobacteriaceae, was first reported by Bowman et al. [1] , and the type species of this genus is Algoriphagus ratkowskyi. At the time of writing, the genus Algoriphagus comprised 32 species with validly published names (www.bacterio.net/uw/ algoriphagus.html) [2] . In addition, two more species of the genus Algoriphagus, 'Algoriphagus shivajiensis' [3] and Algoriphagus roseus [4] , were described recently. These strains were isolated from various environments, including sea ice, tidal flat sediment, fresh water, seawater, algae, marine sediments, marine solar salterns, soils, and mangrove sediment [1, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Members of the genus Algoriphagus are Gramstaining-negative, non-spore-forming, non-motile, and pink-, orange-or red-pigmented. Flexirubin-type pigments are not produced. The major isoprenoid quinone is MK-7, and the dominant fatty acids are iso-C 15 : 0 and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c). The genomic DNA G+C content of this genus ranges from 35 to 48.4 mol%. In this study, we characterized a representative of a novel species of the genus Algoriphagus, strain S61 T , isolated from the deepsea sediment of the Okinawa Trough.
Strain S61
T was isolated from a deep-sea sediment sample (depth of 1474 m) collected at Okinawa Trough (126.07 E 27.37 N). The sample was obtained by a remotely operated vehicle equipped on the KEXUE research vessel during the cruise of April 2014. For bacterial isolation, 1 gram of the sediment sample was suspended in 3 ml of sterile sea water, and a 100 µl suspension was spread on marine agar (MA) (Haibo) plates. After incubation for 5 days at 28 C under aerobic conditions, strain S61
T was selected, and a pure culture was obtained after three successive transfers to fresh medium. The strain was stored at À80 C in liquid medium 2216E (Haibo) supplemented with 15 % (v/v) glycerol. For 16S rRNA gene sequencing, genomic DNA was extracted from strain S61 T using a Tiangen DNA kit. The 16S rRNA gene was amplified by PCR using the universal primers B27F (5¢-AGAGTTTGA TCCTGGCTCA-3¢) and B1492R (5¢-GGTTACCTTGTTAC-GACTT-3¢) [17] . The PCR product was purified and cloned into pEASY-T1 simple vector (TransGen), and Escherichia coli DH5a (TransGen Biotech) was transformed with the recombinant plasmids. Three positive clones were subjected to DNA sequencing by BGI (Beijing, China), and the sequencing results were confirmed by direct sequencing of the PCR products of the 16S rRNA gene. The nearly complete 16S rRNA gene sequence (1439 bp) of strain S61
T was submitted to GenBank. Analysis of the 16S rRNA gene sequence was performed using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) [18] . The phylogenetic trees were reconstructed using MEGA 6.0 [19] . The maximum-likelihood tree was reconstructed using nearest-neighbour-interchange heuristic methods, Kimura two-parameter model, uniform rates and complete deletion options. The neighbour-joining tree was reconstructed using the Kimura two-parameter model, transitions +transversions, uniform rates and complete deletion options. The minimum-evolution tree was reconstructed using the close-neighbour-interchange heuristic search method and complete deletion option. The robustness of the phylogenetic trees was confirmed by bootstrap analysis based on 1000 replications.
Characteristics of strain S61
T were examined using routine cultivation methods on MA at 25 C (except where indicated otherwise). T cultured at 25 C for 72 h on MA and negatively stained with 1 % (w/v) phosphotungstic acid. Gram staining was performed using a Gramstaining kit (Haibo), and spore characteristics were observed by light microscopy after carbol fuchsin staining [20] . Gliding motility was investigated as described by Bowman [21] . The presence of flexirubin-type pigments was investigated as described by Bernardet et al. [22] . The Voges-Proskauer (VP) test was carried out using a VP kit (Luqiao). In order to determine the temperature range for growth, cells were grown in marine broth (Haibo) at 10, 15, 25, 30, 35, 37 and 40 C for 72 h, or grown on MA at 4 C for 7 days. Growth at various NaCl concentrations (0-10 %, at intervals of 1.0 %) was determined at 25 C in broth medium that contained all constituents of marine broth but lacked NaCl, and NaCl was added as a supplement at various concentrations. The pH range for growth was determined from pH 4.0 to 11.0 (at intervals of 1.0 pH unit) using the buffer system described by Xu et al. [23] in marine broth. The requirement for Mg 2+ ions was investigated by using MA that comprised all the standard constituents except for MgCl 2 and MgSO 4 . To test anaerobic growth, strain S61
T was cultured at 25 C on MA supplemented with resazurin (0.02 %, w/v) as an indicator of anaerobic conditions. The plates were incubated in an anaerobic incubator YQX (Yuejin) filled with nitrogen (85 %), hydrogen (10 %) and carbon dioxide (5 %). Oxidase reagent (Haibo) was used for testing oxidase activity, and catalase activity was determined by bubble formation in a 3 % (v/v) H 2 O 2 solution. Production of indole, hydrolysis of aesculin and p-nitrophenyl-b-D-galactopyranoside (PNPG), and the assimilation of carbon sources were tested with the API 20NE system (bioM erieux) as recommended by the manufacturer. Nitrate reductase, urease and gelatinase activities were also determined using the API 20NE system. Production of other enzymes was assessed using the API ZYM system (bioM erieux). Acid production from different carbohydrates was tested using the API 50CH system (bioM erieux). All API tests were performed in triplicate. Hydrolysis of starch, casein and Tweens 20, 40, 60 and 80 was examined on MA plates with corresponding substrates. Susceptibility to antibiotics was tested on MA plates using antibiotic discs (Binhe) containing the following (µg per disc unless otherwise stated): penicillin (10) (30), piperacillin (100), carbenicillin (100), ampicillin (10), oxacillin (1) and clindamycin (2) . For DDH analysis, bacterial DNA was extracted using the cetyltrimethylammonium bromide (CTAB) method. The DNA was diluted to 50 µg ml
À1
, and the DDH experiment was performed spectrophotometrically by DNA reassociation kinetics [24] [25] [26] . The DNA hybridization values (%) were calculated using the equation described by De Ley et al. [24] . Genomic DNA G+C content was determined by reversed-phase HPLC with a ZOR-BAX Eclipse XDB-C18 (250Â4.6 mm) column (Agilent 1200). A mixture of adenine, thymine, cytosine and guanine in equal amounts was first examined and then used as a standard. The nucleotides were eluted by a mixture of 0.02 M buffer solution (Na 2 HPO 4 and KH 2 PO 4 , pH 5.7) and methanol (9 : 1, v/v), using a flow rate of 1 ml min À1 at 30 C, and detected by UV absorbance at 254 nm. The DDH and genomic DNA G+C content tests were performed in duplicate, and the mean values were calculated. For analysis of the fatty acid methyl esters (FAMEs), bacteria were grown on MA at 25 C and harvested after 72 h of growth. Data for FAME were analysed as reported by Sasser [27] . Polar lipids were extracted and examined using two-dimensional TLC and identified by standard procedures [28] T and other close members of the genus Algoriphagus were below 97 %. Phylogenetic analysis showed that strain S61
T fell within the clade comprising various species of the genus Algoriphagus (Fig. 1) . Within the clade, strain S61 T formed a group with three other species of the genus Algoriphagus (A. lutimaris S1-3 T , A. halophilus JC2051 T and A. chungangensis CAU 1002 T ) and represented the basal member of this group (Fig. 1) . The corresponding neighbour-joining and minimum-evolution trees showed a similar topology (Figs S1 and S2, available in the online Supplementary Material), which supported the proposal that strain S61
T belongs to the genus Algoriphagus.
Consistently, the G+C content of the genomic DNA of strain S61 T was 40.2 mol%, which was similar to the related reference species of the genus Algoriphagus (Table 1) . DDH plays a key role in microbial species discrimination in cases when 16S rRNA gene sequence identities are 98.2 % or higher [29, 30] ( Table 1) , which are well below the threshold of 70 % that has been suggested for bacterial species delineation [31] . These results indicate that strain S61 T represents a novel species of the genus Algoriphagus.
Morphological, cultural, physiological and biochemical characteristics of strain S61
T are given in the species description (see below) and in Table 1 or Fig. S3 . The predominant isoprenoid quinone detected in strain S61 T was phosphatidylethanolamine; PC, phosphatidylcholine. All strains are positive for the following: oxidase activity; hydrolysis of aesculin and PNPG; utilization of glucose, mannose and maltose; activity of alkaline phosphatase, leucine arylamidase, a-chymotrypsin, acid phosphatase, b-galactosidase, naphthol-AS-BI-phosphohydrolase, b-glucosidase, N-acetyl-b-glucosaminidase and a-mannosidase; and susceptibility to chloroamphenicol. All strains are negative for the following: Gram stain and motility; hydrolysis of Tween 60; activity of lipase (C14) and urease; utilization of arabinose, capric acid and trisodium citrate; and susceptibility to gentamicin, kanamycin, neomycin and polymyxin B. 
Utiliztion of: [32] . †Data from Yi and Chun [5] . ‡Data from Kang et al. [33] . §Data from Jung et al. [16] .
Sun and Sun, Int J Syst Evol Microbiol 2017;67:243-249 menaquinone-7 (MK-7) (98.4 %), which was compatible with other species of the genus Algoriphagus. The minor component of the quinone system was an unclassified quinone. The fatty acids (!0.5 %) of strain S61 T contained iso-C 15 : 0 (28.8 %), summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) (21.3 %), iso-C 17 : 0 3-OH (9.9 %), C 16 : 1 !5c (6.3 %), iso-C 16 : 0 (5.3 %), summed feature 9 (iso C 17 : 1 !9c and/or 10-methyl C 16 : 0 ) (4.7 %), C 16 : 0 3-OH (4.6 %), iso-C 15 : 0 3-OH (3.8 %), anteiso-C 15 : 0 (2.4 %), summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B) (2.3 %), iso-C 16 : 0 3-OH (2.2 %), iso-C 16 : 1 h (1.9 %), C 17 : 1 !6c (1.6 %), C 16 : 0 (0.7 %), C 17 : 0 2-OH (0.6 %), C 15 : 1 !6c (0.6 %), C 14 : 0 (0.5 %) and iso-C 17 : 0 (0.5 %) ( Table 2 ). Although strain S61
T and the other type strains showed variability in the profile of FAMEs, they all contained iso-C 15 : 0 and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) as the major fatty acids (>20 %) ( Table 2 (Fig. 2) . The four species of the genus Algoriphagus all had diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and two unidentified phospholipids as major polar lipids (Fig. 2) ; however, the four species were distinguishable from each other by the difference in other polar lipids. One unidentified lipid (UL1) was only present in strain S61
T and A. aestuarii KCTC 42199 T , while two other unidentified lipids (UL2 and UL4) and one unidentified phospholipid (UPL3) were only present in A. lutimaris KCTC 22630 T and A. halophilus DSM 15292 T (Fig. 2) . Another unidentified lipid (UL3) was only detected in A. aestuarii KCTC 42199 T and A. lutimaris KCTC 22630 T (Fig. 2 ).
In conclusion, strain S61 T was phylogenetically within the clade of the genus Algoriphagus and formed a distinct group with three other species of the genus Algoriphagus, in which strain S61
T was the basal member. The chemotaxonomic profiles of strain S61
T were generally similar to those of members of the genus Algoriphagus. However, phenotypic characteristics, including the temperature range for growth, hydrolysis of some macromolecules, catalase activity and susceptibility to some antibiotics, distinguished strain S61 T from other related species of the genus Algoriphagus. Therefore, strain S61
T represents a novel species of the genus Algoriphagus, for which the name Algoriphagus iocasae sp. nov. is proposed.
DESCRIPTION OF ALGORIPHAGUS IOCASAE SP. NOV.
Algoriphagus iocasae (i.o.ca¢sae. N.L. fem. gen. n. iocasae name arbitrarily formed from IOCAS, the acronym for the Institute of Oceanology, Chinese Academy of Sciences, at 
